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	Abstract 
 
MICRO-CT EVALUATION OF A NOVEL TECHNIQUE USED FOR THE REMOVAL OF 
SINGLE CONE OBTURATED MESIAL ROOTS OF MANDIBULAR FIRST MOLARS 
FILLED WITH BIOCERAMIC SEALER AND BIOCERAMIC COATED GUTTA PERCHA 
VS TRADITIONAL GUTTA PERCHA. 
 
Ernest Stephen Fragale II, D.D.S. 
 
Introduction: The aim of this study was to evaluate the efficacy of two new to the market 3-
dimensional serpentine shaped nickel titanium rotary files, XP Shaper and TRUShape, as 
primary retreatment files for the removal of filling of material from mesial roots of mandibular 
first molars filled with bioceramic sealer and two different types of gutta percha, bioceramic 
coated and traditional non-coated cones. 
 
Materials and methods: 40 mesial roots of mandibular first molars were prepared and divided 
into four groups (n = 10). 20 specimens were obturated with single cones of traditional non-
coated gutta percha (TGP), EndoSequence Gutta Percha, and 20 specimens were obturated with 
bioceramic coated single cones (BC), EndoSequence BC Points. Both were sealed with a 
bioceramic sealer, EndoSequence BC Sealer. Removal of the obturated and sealed gutta percha 
from the root canals were performed by either the TRUShape (TS) or XP Shaper (XP) files. The 
efficacy of filling material removal was examined using a micro-computed tomographic scanner. 
Mean percentages of volume and surface area remaining after the retreatment procedure were 
analyzed using the Kruskal-Wallis and Mann-Whitney U tests. Canal patency and their 
correlation with the files and gutta percha were analyzed using Pearson’s chi-square test. All 
tests were set at a significance level of (p = 0.05). 
 
Results: The mean percentage volume and surface area of remaining filling material was 
significantly different (p < 0.05), among all groups tested. The use of XP files in removing BC 
coated cones, resulted in canals with a mean percentages of 33.98 + 5.28%  volume and 61.97 + 
7.17% surface area of residual material which were significantly different than all the other 
groups, (p < 0.05). Significant differences were found in the mean percentage of volume and 
surface area of remaining material when comparing the efficacy of XP to TS (p < 0.05), 
independent of the type of gutta percha used. Finally, there was a significant association between 
the type of gutta percha used and canal patency (p < 0.05); teeth obturated with TGP cones 
achieved 65% canal patency compared to 25% in those obturated with BC cones. There appears 
to be a strong correlation between the type of file used and canal patency (p = 0.0565) with 60% 
of the TS group regaining canal patency compared to 30% in the XP group. 
 
Conclusion: Neither of the 3D motion files tested were able to successfully remove 100% filling 
material from the canals nor regain 100% canal patency. However, the TS instrument was found 
to remove significantly more material independent of the gutta percha used and establish canal 
patency in 60% of the roots retreated. Teeth obturated with traditional gutta percha regained 
canal patency better than those obturated with bioceramic coated gutta percha. The results of this 
study show that the use of a bioceramic sealer especially in combination with a bioceramic 
coated gutta percha may make regaining canal patency more difficult. 
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Chapter I 
 
Introduction 
 
 Complete removal of gutta percha from well obturated endodontically treated teeth have 
proven to be a challenge in the past. The advent of new nickel titanium instruments (NiTi), 
chemical solvents, and heat have aided in the complete removal, but still fall short of the goal of 
completely eliminating all remnants of obturation material (1,2,3,4). Failure to remove all 
obturation and sealer materials greatly hinders the success of endodontic retreatment by not 
allowing chemical disinfectants to reach all areas occupied by residual bacteria resulting in 
recurrent or persistent infection (5,6). Modern day obturation techniques such as warm vertical 
compaction and carrier based techniques have increased effectiveness of a 3-dimensional fill into 
fins and irregularities of the canal system but have also made removal in these areas more difficult 
when a retreatment is needed due to persistent apical periodontitis (6,7,8).  
 Over the past decade, NiTi instruments have greatly increased the efficiency and 
effectiveness of obturation material removal compared to hand files during the retreatment 
procedure (12, 13).  Despite the advancements of NiTi used for the removal, research shows that 
complete elimination of material is still not always achieved, leaving behind area likely inhabited 
by bacteria contributing to infection and symptoms (1,2,3,4). Traditional files have either a 
constant or variable taper that produces a center of axis in the middle of the file which creates a 
circular cutting path. This cutting motion does not enable the file to touch all surfaces of the root 
canals that may not be perfectly round (14,15,16). Two new NiTi files with 3D motion were 
developed recently and are available for commercial use, TRUShape file (Dentsply, Tulsa, OK, 
USA) and XP Shaper file (Brasseler USA, Savanah, GA, USA). The innovative 3D motion allows 
these files to adapt to the irregularities in the canal that a traditional cylindrical file cannot reach. 
This is accomplished by a file design incorporating a S-shaped curve from the tip of the instrument 
to the shank. This creates a unique motion in the canal allowing more surface area to be touched 
thus theoretically eliminating more tissue and bacteria in necrotic teeth. This 3D instrumentation 
technique can offer a possible advantage to removal of gutta percha and sealer in retreatment cases 
compared to standard tapered instruments previously described by touching more areas filled with 
gutta percha and sealer than traditional NiTi files (17).  
While both files have shown evidence of obturation material removal when utilized as 
supplementary files following gross removal of obturation materials with traditional shaped NiTi 
rotary files (18,19,20), our study will attempt to use the files as the primary retreatment files. This 
novel technique is based on the manufacturer’s clinical videos (Brasseler USA) for XP Shaper in 
the retreatment of an acrylic maxillary first molar obturated with BC Sealer and bioceramic coated 
gutta percha (21). While Dentsply does not have any published instructions for the use of the 
TRUShape file in a retreatment procedure, we completed a pilot study operating the file at 900 
RPM as suggested by Dr. Clifford Ruddle for NiTi instrumentation retreatments (105). The pilot 
study used mandibular anterior teeth to test the higher speeds and file resistance to fracture before 
proceeding with the study design for mesial roots of mandibular molars. 
Newer sealers and gutta percha released in the past several years such as Brasseler’s BC 
Bioceramic Sealer and bioceramic coated gutta percha have emerged with claims of superior 
sealing capabilities due to zero shrinkage compared to other sealers such as resin and zinc oxide 
eugenol based products. Similar to other bioceramic materials used in dentistry, bioceramic sealer 
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ultimately results in a hydroxyapatite precipitant formation when the main components, tricalcium 
silicate and calcium phosphate, absorb moisture from the tooth. The properties of this new sealer 
and formation of hydroxyapatite also allow a chemical and mechanical bond to dentinal walls as 
well to the new bioceramic coated gutta percha (9,10). This bond could be advantageous for 
sealability of the obturated canals but could make removal very difficult if retreatment is necessary. 
Brasseler recommends a single cone obturation technique with their new bioceramic sealer, 
independent of the type of gutta percha used (9). This is contrary to the warm vertical or cold 
lateral obturation techniques taught in dental schools for the past 40 years. These traditional 
obturation techniques rely on the fill of the gutta percha against the canal wall by the placement of 
multiple cones or thermoplastic gutta percha whereas the single cone technique relies on the sealer 
to fill any area not occupied by the single gutta percha cone (11). 
Mesial roots of mandibular molars have historically been used for studying the 
effectiveness of files due to their anatomic complexity compared to single rooted anterior teeth or 
single-rooted premolars (19, 22, 23). Also, a large portion of endodontic retreats occur on 
mandibular molars, so new techniques that could possibly be implemented into clinical use need 
to be tested on teeth that have the toughest roots to negotiate (24).  
In order to quantify the amount of residual filling material left in each of the four groups, 
micro-computed tomography (micro-CT) will be used to produce high resolution 3-dimensional 
data from hundreds of 2-dimensional slices for each root. The mean percentage volume and mean 
percentage surface area of remaining filling material will be calculated from the resulting images 
by comparing the material left in the canals to that of the obturated canals of the same roots. Root 
canal patency will also be observed clinically with a stainless-steel hand file. The results will be 
reported and analyzed for any statistical significance.  
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Statement of the Problem  
 It is unknown if the new 3D motion NiTi rotary instruments can be used as primary 
retreatment files. One manufacturer, Brasseler, has published videos on its website detailing the 
retreatment process with their respective XP Shaper file. It is also unknown if retreatment with 
the bioceramic coated gutta percha cones and bioceramic sealer would be more difficult to 
remove than that of traditional gutta percha and bioceramic sealer.  The objective of this study 
was to determine if the novel technique of using two new 3D motion instruments, TRUShape 
and XP Shaper, as primary gutta percha removal instruments, would be effective and efficient of 
the removal of two different gutta percha cones coated with bioceramic sealer in mandibular 
mesial roots assessed by micro-CT analysis.  
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Significance of the Study 
 There is evidence that using 3D motion NiTi files can increase the amount of radicular 
canal contact during the initial instrumentation of root canals, thus improving the effective 
removal of bacteria and diseased dentin. This same principle could be applied to the removal of 
gutta percha during the retreatment procedure. There are a few new studies showing the 
capability of 3D files as supplemental instruments for the aid in removal of gutta percha but only 
one showing the TRUShape file used as a primary retreatment file. The results of our study will 
show if either manufacturers’ respective 3D motion files can effectively remove gutta percha as a 
primary instrument, thus allowing clinicians to save time, reduce the number of files used, and 
be more efficient and effective at the retreatment procedure. The results will also shed light on 
the difference in retreatability and restoration of patency in bioceramic sealed canals obturated 
with traditional gutta percha vs those with the bioceramic coated gutta percha cones.  
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Null Hypotheses 
 There is no statistically significant difference of the amount of remaining obturation 
material in mesial roots of mandibular first molars between the type of file used for the removal; 
TRUShape and XP Shaper.  
There is no statistically significant difference of the amount of remaining obturation 
material between bioceramic coated gutta percha with bioceramic sealer vs traditional gutta percha 
with bioceramic sealer. 
There is no statistically significant difference between the type of gutta percha and file used 
for the achievement of regaining canal patency during retreatment. 
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Assumptions 
1. The mesial roots of mandibular first molars contain varied canal anatomy and curvature. 
2. The mesio-buccal and mesio-lingual canals in mesial roots of mandibular first molars are 
similar in nature. 
3. 3-dimensional moving NiTi instruments make more intimate contact with the radicular 
canal surface compared to a fixed standard taper NiTi instruments. 
4. The more effective removal of gutta percha from the radicular canals means that more 
bacteria are being removed from the canals. 
5. Bioceramic sealer is more difficult to remove than traditional sealers such as zinc oxide 
eugenol and resin based. 
6. The single cone obturation technique will fill more canal irregularities with sealer than 
gutta percha compared to warm vertical and lateral condensation techniques. 
7. Micro-CT analysis is an accurate and reliable tool for the measurement of remaining gutta 
percha in the radicular canals during the retreatment procedure. 
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Limitations 
1. There is a relatively small sample size for each group. 
2. This is an in-vitro study that may or may not translate to the same results as an in-vivo 
study. 
3. The lengths of the mesial roots in the study were not standardized resulting in variability 
of the length and amount of obturation material. 
4. The root anatomy between mesial roots in each group are varied in curvature and 
complexity. 
5. The root configuration is not the same between each mesial root. 
6. There is variability in canal preparation, obturation, sealing, and removal technique. 
7. There is variability in the interpretation of patency.  
8. There are no directions for use (DFU) specific to the retreatment procedures available for 
the 3D files used in this study. 
 
Delimitations 
1. Every tooth was microscopically examined for complete root growth. 
2. Every tooth was radiographed in a bucco-lingual view with a digital sensor for canal 
curvature evaluation. 
3. All mesial roots were selected with curvature less than 40 degrees. 
4. All mesial roots were accessed, instrumented, obturated and retreated by the same clinician 
to help insure consistency through the study. 
5. All canals were instrumented to the same size and taper and obturated with a corresponding 
gutta percha. 
6. All roots were stored together in 100% humidity for the same amount of time. 
7. Micro-CT offers an accurate form of measurement allowing for a non-destructive 
evaluation of the roots. 
8. All teeth were scanned with the same parameters, settings and ambient temperature for 
obturation and retreatment scans. 
9. The number of slices to be analyzed was recorded and kept consistent for the obturation 
scan and retreatment scan for consistency of the amount of root evaluated. 
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Questions to be answered 
1. Will either file, TRUShape or XP Shaper work as a primary instrument for adequate gutta 
percha removal? 
2. Will there be any difference in the residual filling amount between XP and TS files? 
3. Will there be a difference in the residual filling amount between the types of gutta percha, 
BC and TGP? 
4. Will there be a difference in the achievement of canal patency between the two files, XP 
and TS, and between the two types of gutta percha, BC and TGP? 
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Chapter II 
Review of literature 
1. Single cone obturation compared to alternative obturation techniques. 
2. Bioceramic sealer: properties, workability, sealability, biocompatibility. 
3. Retreatability of bioceramic sealers. 
4. Bioceramic gutta percha compared to traditional gutta percha. 
5. Persistent apical periodontitis and the importance of bacterial reduction. 
6. Removal of gutta percha and sealer with various endodontic files. 
7. 3D motion files: Brasseler XP Shaper and Dentsply TRUShape. 
8. Micro-CT analysis. 
 
1. Single cone obturation compared to alternative obturation techniques. 
 Various root canal obturation techniques have been employed throughout the years. 
While each clinician has his or her favorite, cold lateral condensation, warm vertical compaction 
and single cone obturation are three techniques that are taught by most U.S. dental schools and 
Endodontic residency programs. Cold lateral condensation and warm vertical condensation 
techniques have the same goal in mind, to attempt to get a maximum fill of gutta percha into the 
root canal while utilizing the gutta percha as a barrier for penetration of new bacteria. Both have 
also been proven to be successful and are tried and true techniques. Single cone obturation relies 
on the endodontic sealer placed around the gutta percha to fill any empty space that the single 
cone does not adapt well to. (11,25) 
Cold lateral condensation (CLC) is completed by placing a thin layer of endodontic sealer 
on the “master gutta percha cone” that fits the most apical portion of a prepared root canal. 
“Accessory gutta percha cones” are then seated alongside of the master cone until a tight fit 
occurs. Additional accessory cones are added following the placement of a “spreader” into the 
previously placed cones. The spreader placement condenses the previously placed gutta percha 
cones in a lateral direction, thus making more space for additional cones. Once the spreader 
cannot be advanced into the gutta percha, the obturation of the root canal is complete. The goal 
of this technique is to force pliable gutta percha in a lateral direction to give a tight packing of 
the gutta percha. (11,25) 
Warm vertical condensation (WVC) and continuous wave obturation (CW) use the same 
techniques as lateral condensation in regard to the placement of the master cone. Once the master 
cone is seated, a heat element is placed into the master cone to an approximate distance of 4-
5mm from the working length. The heated element is left in place to allow for 5-10 seconds of 
cooling to the gutta percha around the heat element. Upon removal of the heat element, the 
coronal portion of the gutta percha is removed while the warm apical plug remains in place. A 
“plugger” is then placed into the canal to “condense” the softened apical plug of gutta percha in 
apical and lateral directions. Lastly, thermoplastic gutta percha is added to the root canal on top 
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of the apical plug in small increments until the canal orifice is reached. The advantage of 
WVC/CW over CLC is the condensation of the warm gutta percha. This allows the gutta percha 
to be pushed into canal irregularities and maximize the amount of gutta percha filled into a root 
canal. (11,25) 
With the widespread use of rotary NiTi instruments and matching taper gutta percha, 
single cone obturation technique has become popular (26). Single cone obturation (SC) is 
completed by placing a single gutta percha cone that matches the size and taper of the master 
apical file (11, 25). The sealer is typically placed by either syringing it into the root canal prior to 
placement of the cone or by coating the master cone prior to placing it into the canal (9). Once 
the single cone is placed into the canal, obturation is complete. Since there is no lateral 
condensation used or warming of the gutta percha to be able to condense it laterally and apically, 
the sealer plays an important role in filling any spaces that the gutta percha cone cannot (11,25). 
Several studies have been designed to compare the previously described techniques. 
Iglecias et al. recently showed in her micro-CT study that there was no significant difference 
between WVC and SC in terms of total percentage volume of voids (27). Alshehri et al. also 
completed a micro-CT evaluation of the difference between single cone obturation and warm 
vertical condensation. His study revealed that there was no significant difference in the quality of 
obturation at three different levels of the root: apical, middle and coronal sections (28). In a 2012 
study Robberecht tested the difference between single cone obturation and warm condensation 
by microscopic examination of voids in the gutta percha and the ability to fill lateral canals. He 
found in his sections that the warm technique was superior to the single cone technique; with the 
warm condensation group having statistically less voids than that of the single cone group and a 
better quality of obturation (29).  
When comparing single cone obturation to cold lateral techniques, Tasdemir et al 
determined that a single cone technique yielded a significantly greater percent of gutta percha 
filled area at a distance of 2mm from the apex than that of cold lateral obturated samples. His 
results suggest that the single cone technique with tapered gutta percha cones may yield better 
results than lateral condensed cones (30). Gordon et al also found in his 2005 study that single 
0.06 taper gutta percha filled canals were similar to cold lateral obturated canals in their overall 
quality of obturation. He also showed that in curved canals over 58 degrees, there was 
significantly more gutta percha in the apical portion with the single cone technique compared to 
the cold lateral condensation technique (26). 
In regard to the effect of obturation technique on bioceramic sealers ability to penetrate 
into the dentinal tubules, Jeong et al found no difference between single cone and warm vertical 
obturation via confocal laser microscope analysis.  The pressure derived from warm vertical 
condensation did not enhance penetration depths of bioceramic sealer thus the penetration into 
the dentin tubules occurred independent of the obturation technique (31). 
 
2. Bioceramic sealer: properties, workability, sealability, biocompatibility.  
 In order to improve the marginal sealing properties of the root canal system, hydrophilic 
root canal sealers such as bioceramic sealers have been introduced. This is in contrast to the 
traditional root canal sealers such as resin and zinc oxide eugenol sealers that are hydrophobic in 
	 11	
nature (32). Due to the moist working environment, a hydrophilic sealer is a welcome 
improvement. 
Most bioceramic sealers come in a premixed syringe that allows precise dispensing of a 
desired amount compared to having to mix a catalyst and base and wasting the excess amount 
not used. Bioceramic sealers are nanoparticle in size. This, in combination with the hydrophilic 
properties, allow for great flowability into the moist dentinal tubules and canal irregularities. 
Another great property of bioceramic sealer is zero shrinkage upon setting. This enables gap-free 
interfaces between gutta percha & sealer and sealer & dentin (10, 32). This is in direct contrast of 
resin and zinc oxide sealers used in combination with cooling thermoplastic gutta percha. Once 
the cooling of these materials occurs, a microscopic gap can be formed in the interfaces allowing 
bacteria to contaminate the entire canal system (34).  
With the ultimate goal of obturation being to establish a hermetic seal that prevents 
reinfection, bioceramic sealers can potentially provide a great solution. Most endodontic failures 
occur as a result of leakage of bacterial invasion from treated and filled root canals into the 
periapical tissues (35). The leakage can occur between the root canal filling, sealer and dentin 
after root canal treatment. Endodontic material should be placed permanently to block the 
pathways of communication between the root canal system and its surrounding tissues to ensure 
long term success (36). All of these factors have led to the development of filling materials that 
poses characteristics such as: non-toxic, insoluble in tissue fluids, dimensionally stable, 
antibacterial, conductive to hard tissue deposition, biocompatible, radiopaque and easy to handle 
(37,38). The challenge is to be able to develop an ideal material that embodies all of these 
properties.  
Bioceramic materials were first introduced as retrograde repair material in the 1990s and 
later as sealer and coatings of gutta percha cones (39, 40, 41). Its biocompatible nature makes it 
ideal for human tissue. As stated previously, bioceramic materials are biocompatible, non-toxic, 
non-shrinking and chemically stable in a moist environment. This allows the material to form a 
hydroxyapatite layer that can reinforce the bond between dentin and bioceramic material (42).  
EndoSequence BC Sealer (Brasseler USA) is an example of a bioceramic endodontic 
sealer. It comes in a premixed syringe that contains the following “ingredients”: zirconium 
oxide, tricalcium silicate, dicalcium silicate, colloidal silicates, calcium phosphate monobasic, 
and calcium hydroxide (10, 33). These materials are hydrophilic in nature therefore it favors the 
presence of moisture for a complete set. The absorbed water from the external environment such 
as saliva and dentinal tubules mixes with the tricalcium silicate and calcium phosphate in the 
material to form a crystalline structure of calcium silicate, known as hydroxyapatite (43). The 
hydroxyapatite formation can reinforce the bond between the dentinal wall and the sealer (43, 
44). Due to the water content of the dentin tubules, the moisture needed for the set of the BC 
Sealer is provided naturally. The manufacturer states a setting time of four hours in natural 
physiological environments, and up to 10 hours in dry canals. Some studies have shown that in- 
vitro setting times to be as high as 72 hours for an initial set and 240 hours for a final set (43). 
When comparing the difference in bioceramic sealers to resin sealers such as Dentsply’s 
AH Plus, Celikten et al discovered in his micro-CT study that there was no difference in the void 
formation between the sealers with the single cone technique. All sealers produced voids with 
statistically significant less voids in the apical portion of the roots compared to the middle and 
coronal portions (45). Guinesi took the evaluation of bioceramic sealer’s quality of root canal 
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filling one step further by determining if the placement technique of the sealer caused any 
differences. She determined that placing the sealer into the canal prior to seating the single 
master cone with a file resulted in the highest filling volume in compared to placing with the 
sealer with the master cone or lentulo spiral (46). Hedge and Arora compared the sealability via a 
glucose leakage study in 2015 on single rooted extracted teeth. They found bioceramic sealer 
placed with a single cone had superior sealing ability compared to a lateral condensation 
technique with resin sealer or a single cone technique with a resin sealer (32). 
Variability exists in the bonding behavior of the BC Sealer in different studies. A recent 
study by Nagas showed that BC Sealer presented the highest bond strength when compared with 
several resin based sealers as well as another brand of bioceramic sealer (47, 48). However, 
another three separate studies showed BC Sealer has a similar bond strength to AH Plus (49, 50, 
51). Only one study shows BC Sealer having a significantly lower bond strength than AH Plus 
(52). Tasdemir proved in his recent 2014 research study that the type and amount of drying after 
irrigation of the root canal can affect the bond strength of bioceramic sealers. He found that 
canals dried with only 1 paper point had a significantly stronger bond strength with BC Sealer 
compared to groups dried with multiple paper points or ethanol (32).  
It’s unclear if the solubility of the sealers can influence the sealing properties of BC 
Sealer. A study by Borges et al shows that BC Sealer recorded higher solubility than AH Plus 
whereas a more recent study by Erahan showed no significant difference between BC sealer in 
AH Plus in solubility (53, 54).  
Bioceramic material has been shown to be highly biocompatible with human tissues. In 
several studies conducted by Willershausen and Mukhtar, BC Sealer has been shown to be no 
more cytotoxic than other commonly used sealers such as resin and zinc-oxide eugenol (55, 56). 
In their studies, BC sealer was non-cytotoxic after at 72 and 96 hour setting times, along with the 
ability of human gingival fibroblasts to attach to and spread over the surface of BC Sealer. While 
unset BC Sealer has been shown to be mildly cytotoxic, this has been shown by Zoufan to be less 
than that of resin sealers like AH Plus (57). Contrary to these studies, Loushine found that 
cytotoxicity of BC Sealer to be higher than AH Plus with no reduction over a 6-week time span 
(43). Despite the differences in these results, Zhang found that BC Sealer showed higher hard 
tissue deposition capability than AH Plus over a 7-day time period (58). Finally, in 2016, an in-
vitro 3D collagen scaffold fibroblast cell culture study by Silva concluded that both resin and 
bioceramic root canal sealers were biocompatible in nature by comparing the two sealers 
reaction to exposed type I collagen (59). 
The antibacterial properties of sealers are important in that any residual bacteria that may 
not have been eradicated by chemico-mechanical means, should be addressed by the permanent 
placement of sealers. The antimicrobial effect of BC Sealer is due to the high pH and active 
calcium hydroxide release (10). In Scelza’s research, he showed that bacterial reduction occurred 
for up to 7 days after BC placement (60). In Wang’s 2014 study, he proved that BC Sealer had 
antibacterial effects against E. faecalis in the dentinal tubules killing 18%, 35% and 45% bacteria 
in 1, 7 and 30 days respectively. Wang also showed that BC Sealer and AH Plus sealers had 
better antimicrobial properties than that of zinc oxide-eugenol sealers (61). 
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3. Retreatability of bioceramic sealers. 
 Due to the precipitate formation of hydroxyapatite from bioceramic material, BC Sealer 
can be more difficult to retreat (10). While this hydroxyapatite deposition is good for the sealing 
of the gutta percha, the removal can be somewhat problematic (33, 62). Hess demonstrated in his 
2011 study that BC Sealer obturated canals with single cones either short of the working length 
or to the working length, were unable to achieve complete canal patency 70% and 20% 
respectively (33). An additional micro-CT study by Oltra et al comparing the retreatability of BC 
Sealer and AH Plus showed that there was significantly less residual root canal filling material in 
the AH Plus group than that of BC Sealer. Furthermore, he demonstrated that only 14% of teeth 
obturated with BC Sealer could regain patency (62). These results differ from a 2015 study by 
Kim where he found that BC Sealer and AH Plus have similar retreatment efficacy when 
establishing canal patency and time taken for retreatment. All samples were able to have canal 
patency re-established in his study (63). Ersev also noted in his 2012 study that when using 
radiographic analysis and ProTaper D-Series rotary instruments for the retreatment of single 
cone obturation with BC Sealer, there was no difference in amount of material remaining in the 
canal compared to AH Plus with a single cone (64).  
 
4. Bioceramic gutta percha compared to traditional gutta percha. 
 Bioceramic coated gutta percha is a relatively new concept and product line. It was 
developed by Brasseler USA to go along with their BC Sealer. Due to its recent introduction, 
there is little to no research on bioceramic coated gutta percha cones specifically. The idea 
behind the concept is that the gutta percha can be coated with the same bioceramic nanoparticles 
that are found in BC Sealer. With the gutta percha being coated, in theory, when the BC Sealer 
sets, it will form a stronger bond between the gutta percha and sealer interface than that of non-
coated gutta percha and bioceramic sealer (65). While this could improve bond strength, there is 
no evidence if this will improve the outcomes of endodontic treatment or make removal of the 
filling system more difficult. There is one study available that compared the bond strength and 
fracture resistance of roots obturated with BC Sealer and BC coated gutta percha. In the study, 
Ghoneim found that the roots obturated with BC Sealer and BC gutta percha were significantly 
more resistant to fracture compared to other groups of gutta percha and sealer (66). A recent 
study by Eltair evaluated the interface between gutta percha and two types of sealer using 
scanning electron microscopy. The results showed no difference in the interfacial gap between 
resin sealer and traditional gutta percha compared to bioceramic coated gutta percha and BC 
sealer. While this study does not test the bond strength, it does show that the coated cone appears 
to play no significant role in the gap thickness between the gutta percha and sealer (67). 
 
5. Persistent apical periodontitis and the importance of bacterial reduction. 
 Teeth with persistent apical periodontitis or teeth that have become newly contaminated 
pose a challenge for clinicians. The persistent apical inflammation has been correlated to 
bacterial byproduct present in the canal that make their way throughout the length of the root 
canal system (68, 69). The goal of retreatments on these teeth is to remove as much, if not all, of 
the previously placed gutta percha. This is for two reasons; First, there is bacteria attached to the 
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gutta percha, that if left behind, could contribute to a reinfection. Secondly, if the gutta percha is 
not removed from the canal wall, then the irrigation used for disinfection cannot reach the 
dentinal tubules, where infiltrated bacteria are harboring (70, 71). 
 
6. Removal of gutta percha and sealer with various endodontic files. 
 Mechanical removal of gutta percha is routinely performed by using hand files, rotary 
instruments, ultrasonic tips, solvents and heating devices (72-75). NiTi instruments are often the 
clinicians first choice for the removal of previously treated teeth for their efficiency and speed. 
However, in some canals, such as molars and multi-rooted premolars, canal irregularities make it 
difficult to remove all of the obturation material. When comparing obturation material removal, 
Rodig showed in his study that NiTi files were both faster and more effective than hand files (4). 
Irrespective of the type of file or device used for obturation material removal, there is always one 
common theme, no instrument has shown complete removal of gutta percha from the root canal 
system, particularly in the apical portion of the root (76,77,78). The significance of leaving 
material behind in the canal was previously discussed in number 5 of this section.  
 
7. 3D motion files: Brasseler XP Shaper and Dentsply TRUShape 
 The past year has shown the introduction of two new files to the market, Brasseler XP 
Shaper file and Dentsply’s TRUShape file. Both files occupy a new class of files, 3D motion. A 
traditional NiTi rotary file with a standard or variable taper design moves in one plane of motion 
consistent to the files geometrical construction, leaving an estimated 80% of canal walls 
untouched. The only way to increase cutting radius is to brush the file in different directions, 
however a high percentage of walls still remain untouched (16, 79). The new 3D motion files 
have attempted to improve the instrumentation of an imperfectly round root canal by 
constructing a file that moves in a non-linear motion.  
 The XP Shaper file is manufactured from a super elastic and flexible nickel titanium 
referred to as MaxWire alloy. The file has a tip size of ISO #27 with a 0.01 taper across the 
serpentine shape of the instrument. The manufacturer claims that the MaxWire alloy allows the 
file to expand from its original size to enlarge the canal to at least 30.04 while addressing the 
natural 3D structure of the root canal space. They also claim that the booster tip of the instrument 
enables the file to enlarge the canal from an apical size of #15 to #30 in a single step without the 
need of the traditional incremental increase in apical size (17,80). At this time, there is only one 
study that has tested the new file’s shaping ability compared to that of a standard taper NiTi 
rotary file such as Vortex Blue. Azim’s 2017 micro-CT study showed that XP Shaper 
significantly increased the canal volume, surface area, and the amount of dentin removed. It also 
had significantly less untouched walls compared to the Vortex Blue file. There was also a strong 
correlation that showed more debris removal with the XP Shaper file. These results show that the 
XP Shaper and its unique MaxWire metallurgy can expand beyond its core size to adapt to the 
anatomy of the root canal space (17). 
 The TRUShape file has a multi-planar S-shaped curve from the tip of the instrument to 
the beginning of the shank, thereby creating an envelope of motion with the aim of increasing the 
percentage of walls touched during instrumentation. The file comes in four tip sizes with 0.06 
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taper: 20.06, 25.06, 30.06, 40.06 with a triangular cross section. The ability of the TRUShape 
instrument to compress into smaller canal spaces and return to their original shape as the canal 
irregularities are encountered, gives it the ability to increase the amount of canal walls 
instrumented (81). A micro-CT study by Guimaraes in 2017 comparing the shaping ability of 
TRUShape files to a traditional taper file showed a significant difference in the amount of 
uninstrumented areas for the traditional file. However, this difference was not observed in the 
apical portion of the root canal (82). Another study confirmed the difference in untreated canal 
surfaces by showing with micro-CT analysis that in mesial roots of mandibular molars, 
TRUShape files had significantly less untouched surfaces compared to Vortex Blue instrumented 
canals (83). Finally, a recent micro-CT study in 2016 evaluated TRUShape files’ ability to retreat 
single cone obturated mandibular canines compared to a standard taper reciprocating file. This 
study concluded that the TRUShape file was slower compared to the reciprocating instrument 
when used for the retreatment procedure. The study also showed that neither instrument differed 
significantly from each other on the amount of remaining root canal filling material left in the 
canals (84). 
 
8. Micro-CT analysis. 
 Researches wanting to assess the teeth in a scientific manner when comparing before and 
after instrumentation studies were limited to radiographic interpretation. While this can be 
helpful, there is no way to correctly measure variables such as volume changes, surface area 
changes or untouched canal wall changes. The advent of micro-computer tomography, using 
cone-beam geometry, revolutionized how tooth studies were constructed by allowing hard and 
soft tissue samples to be imaged in high detail at slices as thin microns. Early studies showed that 
the accuracy of micro-CT scans, specifically with endodontics, was a valuable tool to test new 
techniques and materials (85). In 1995, Nielsen et al. published a report in our Journal of 
Endodontics detailing the technology’s ability: The ability of the micro-CT to present accurately 
the external and internal morphologies of the tooth without tooth destruction; the possibility of 
showing changes over time in surface areas and volumes of tissues; the ability to assess area and 
volume changes after instrumentation or obturation; and the capability of evaluating canal 
transportation following instrumentation or instrumentation and obturation. (86) Since 1995, 
more and more studies have utilized this technology for endodontic studies. With this new 
imaging, previously published studies that utilized 2D radiographs can be re-visited to see if the 
results would differ compared to a micro-CT analysis. 
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Chapter III 
Materials and methods 
Specimens 
 
One hundred seventy human mandibular first and second molars extracted for reasons other than 
this study were selected from the West Virginia University School of Dentistry Research Lab 
Tooth Depository (IRB #: T2017.07) (Figure 1). Teeth were further divided into first and second 
molars. First molar teeth were inspected under microscopic evaluation. Teeth with signs of 
previous endodontic treatment, cracks, micro fractures, and sings of resorption were discarded. 
Teeth with caries and previous restorations were included as long as the mesial roots were not 
affected (Figure 2).    
 
 
   
      
 
Figure 1. 170 extracted mandibular molars 
 
 
 
Figure 2. Example of selected tooth anatomy 
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Teeth were then radiographed with digital sensors (Kodak RVG 6200; Carestream Health, 
Rochester, NY) in a buccal – lingual direction to evaluate the radicular canal anatomy, curvature, 
apical maturity and canal patency (Figure 3). The images were recorded in MiPACS imaging 
software (Medicor Imaging, Charlotte, NC, USA).  
 
 
 
Figure 3. Radiograph for each tooth 
 
Teeth with calcified canals, treacherous internal anatomy, and non-patent apices were discarded. 
Teeth with more than 40-degree canal curvature were also excluded (87). Exclusion and inclusion 
criteria reduced the pool of teeth to fifty-five.  
 
The molars were then sectioned in the furcation and at the cementoenamel junction with an 856-
coarse tapered diamond bur (Brasseler USA, Savannah, GA, USA) in a high-speed hand piece with 
water coolant. The distal root and clinical crown of the teeth were maintained for any possible use 
for future research.  
 
      
 
Figure 4. Sectioned mesial root and conservation of remaining tooth structure 
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The mesial roots were then inspected under magnification for separate canal orifices. After visually 
identifying the canal orifices with an endodontic explorer, a 10 K-file (Flexofile, Dentsply, Tulsa, 
OK, USA) was used to insure canal patency and to determine apical foramen anatomy. Any mesial 
roots that did not have canal patency with a 10 K-file were discarded leaving forty mesial roots for 
the study. The roots were then divided into four equal groups of ten. Each group included the same 
number of mesial roots with six roots of 2 to 2 and four roots of 2 to1 radicular canal morphology 
(88). Teeth were stored in sterile water throughout the study (Figure 5). 
 
 
 
 
Figure 5. Tooth stored in sterile glass tubes 
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Root canal preparation: 
 
1. Working length (WL) was determined by placing a 10 K-file into the mesial-buccal and mesio-
lingual root canals until the tip of the file was observed in the apical foramen.  0.5 mm was 
subtracted from the visible file tip for the effective WL of each canal.  
 
2. After instrumenting a 10 K-file to WL, a rotary ProGlider NiTi instrument (Dentsply, Tulsa, 
OK, USA) (Figure 6) was used according to manufacturer suggested method and settings (300 
RPM speed / 5.0 Ncm torque) until WL was achieved with a ProMark Electric Rotary Motor 
(Dentsply, Tulsa, OK, USA) with an 8:1 ratio hand piece (Figures 7 and 8).  
 
 
 
Figure 6. Dentsply ProGlider NiTi file 
 
                               
 
               Figure 7. Dentsply ProMark Rotary Motor                Figure 8. 8:1 Electric Hand Piece 
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3. Rotary NiTi ProTaper Gold instruments (Dentsply, Tulsa, OK, USA) (Figure 9) S1 and S2 were 
used to resistance in alternating fashion according to their manufactured suggested settings in order 
to create coronal flare of the canals.  
 
 
 
Figure 9. Dentsply ProTaper Gold S1 NiTi file 
 
 
4. Vortex Blue (VB) NiTi rotary instruments (Dentsply, Tulsa, OK, USA) (Figure 10) were used to 
complete the apical instrumentation. The files were used according to their manufacturer settings 
(500 RPM / 100-200 Ncm torque) in a step-back sequence.  
 
• All canals were prepared to a size 30, 0.06 taper at WL in the following sequence: VB size 
20, 0.04 taper, VB size 25, 0.04 taper, VB size 25, 0.06 taper, VB size 30, 0.04 taper, VB 
size 30, 0.06 taper.  
 
 
 
 
Figure 10. Dentsply Vortex Blue 30.06 NiTi file 
 
During instrumentation, root canals were irrigated with 2ml NaOCl (8.25%) between each file, 
delivered by a standard needle irrigation (SNI) with a 30-guage side vented needle (ProRinse, 
Dentsply, Tulsa, OK, USA). Recapitulation was completed with a 10 K-file set 1.0 mm longer than 
WL between NiTi instruments.  
 
A final irrigation protocol of 5 mL of NaOCl (8.25%) followed by 2 mL of QMix 2:1 solution 
(Dentsply, Tulsa, OK, USA) was implemented for each canal. Both final irrigation solutions were 
activated with a medium EndoActivator (Dentsply, Tulsa, OK, USA) tip for 60 seconds and dried 
with corresponding paper points (Figures 11 and 12).  
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Figure 11. Dentsply QMix 2in1 Final irrigation solution 
 
 
 
Figure 12. EndoActivator 
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Root canal filling (obturation): 
 
1. Two groups of twenty roots each were divided for obturation purposes. Twenty roots were filled 
with Brasseler EndoSequence (Brasseler USA) machine matched size and taper gutta percha and 
twenty roots were fitted with Brasseler EndoSequence Bioceramic machine match size and taper 
gutta percha (Figures 13 and 14). All roots, independent of the specific type of gutta percha used, 
were cemented with a bioceramic sealer, BC Sealer (Brasseler USA) (Figure 15).  
 
 
 
Figure 13. Brasseler EndoSequence Gutta Percha Points (TGP) 
 
 
 
Figure 14. Brasseler EndoSequence BC Points (BC) 
 
 
 
Figure 15. Brasseler EndoSequence BC Sealer 
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2. A corresponding size 30, 0.06 taper gutta percha cone was fit into each canal with tug back at 
WL.  
 
3. The canals were then filled with BC Sealer according to the manufactured recommended 
technique.  
 
4. The single cone, 30.06 gutta percha, was then slowly seated to WL and seared off at the orifice 
with an Elements Free (Kerr Endo) and lightly compacted with a plunger according to the single 
cone technique promoted for BC Sealer obturation.  
 
5. Extruded sealer was wiped off the apical areas with a damp 2 x 2 gauze.  
 
Teeth were stored at 37 degrees in 100 percent humidity for 14 days to allow complete set of the 
sealer. Humidity was maintained by wrapping the root in a damp 2 x 2 gauze and placing two 
damp cotton rolls in a zip lock bag. (Figures 16, 17, and 18).  
 
 
 
 
Figure 16. Wrapped mesial root and damp cotton rolls 
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Figure 17. Boekel oven 
 
 
 
Figure 18. Temperate at 37 degrees Celsius 
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Retreatment: 
 
The retreatment procedure was completed by removing the previously filled canals with one of the 
following instruments: TRUShape NiTi (TS) (Dentsply, Tulsa, OK, USA) (Figure 19) or XP 
Shaper NiTi (XP) (Brasseler USA, Savannah, GA, USA) (Figure 20).  
 
 
 
Figure 19. Dentsply TRUShape 30.06 NiTi file 
 
 
 
Figure 20. Brasseler XP Shaper NiTi file 
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As mentioned previously, four groups were divided based upon an even number of canal 
morphologies into sample sizes of ten: 
 
Group 1: Traditional Gutta Percha / TRUShape (TGP/TS) 
Group 2: Bioceramic Gutta Percha / TRUShape (BC/TS) 
Group 3: Traditional Gutta Percha / XP Shaper (TGP/XP) 
Group 4: Bioceramic Gutta Percha / XP Shaper (BC/XP) 
 
 
Groups 1 (TGP/TS) and 2 (BC/TS): 
 
A crown down method was used with TS instruments. Size 40, 0.06 taper, size 30, 0.06 taper, size 
25, 0.06 taper were used until the previously established working length was reached and the file 
flutes were void of any obturation debris. The size 30, 0.06 taper file was used in canals if WL and 
canal patency was regained. A speed of 900 RPM and a torque of 3.0 Ncm was used for each file 
size with a ProMark (Dentsply, Tulsa, OK, USA) electronic motor and 8:1 ratio hand piece. The 
files were advanced in 3 mm amplitudes with a brushing motion. After three in-and-out brushing 
strokes, the file was removed and cleaned. 2 ml of NaOCl (8.25%) was used to irrigate between 
each file during the retreatment procedure. A new file was used in each mesial root and then 
discarded. A final irrigation protocol of 5 ml NaOCl (8.25%) and 5 ml EDTA (17%) were used 
along with paper points to remove excess moisture. The teeth were then placed back in 100% 
humidity.  
 
Groups 3 (TGP/XP) and 4 (BC/XP): 
 
The XP Shaper (XP) was used according to the manufacturer’s recommendations of 1,000 RPM / 
1 Ncm. The WL was set 0.5 mm shorter than the original WL per the file’s DFU. Long gentle 
strokes of 5-7 mm were used to progress to the apex. If WL was not reached in 5 strokes, the file 
was removed and cleaned and reinserted into the canal. Once the WL was reached, the file was 
cleaned and re-inserted for another 10 seconds. 2 ml of NaOCl (8.25%) was used to irrigate 
between filing during the retreatment procedure. New instruments were used in each mesial root 
and then discarded. A final irrigation protocol of 5 ml NaOCl (8.25%) and 5 ml EDTA (17%) were 
used along with paper points to remove excess moisture. The teeth were then placed back in 100% 
humidity.  
 
Termination of file use and time: 
 
The files were no longer considered effective when there was no filling material debris on their 
respective file flutes or when the file would no longer advance apically. There was no time variable 
in place, as we spent as long as needed in the attempt to reach the WL and achieve canal patency. 
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Canal Patency: 
 
The ability of canal patency to be regained was determined by the ability to slide a 10 K-file 
through both canal foramen in 2 – 2 configured roots and in one common canal foramina in 2 – 1 
configured roots (Figures 21 and 22). A log of the canal patency was kept for each sample number. 
 
 
 
Figure 21. 10 K-files through canal foramen 
 
 
 
Figure 22. Close up of hand files illustrating canal patency 
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Micro-CT imaging analysis* 
 
The samples were scanned by a micro-CT device (AMIF SkyScan 1272 v1.1.10; Bruker micro-
CT, Kontich, Belgium) at two time points (fourteen days post-obturation and after retreatment) 
with the following parameters: 100 kV, 18 um magnification, 1344 x 896 binning, 18 um pixel 
resolution with a 1.0mm think copper filter. A 180-degree scan was used with a 0.4 rotation step 
with an average of 2 frames. A flat field correction of 1753 was used for all scans. The two-
dimensional images were cropped with the Dataviewer software v 1.5.3.4 64 Bit (Bruker micro-
CT). The acquired images were reconstructed into cross-sectional slices using NRecon v1.7.1.0 
(Bruker micro-CT). The volume of interest was selected to extend from the cemento-enamel 
junction to the apex of the root, resulting in the acquisition of 700-800 transverse cross sections per 
root. The residual filling material volume (mm3) and surface area (mm2) was quantified for all the 
root canals using CTAn v 1.16.9.0 64 bit software (Bruker micro-CT) after obturation and after 
retreatment. Quantitative three-dimensional evaluation of the remaining filling surface and volume 
was obtained using the plugin three-dimensional analysis tool in the CTvol software v 2.3.2.0 64 
Bit (Bruker micro-CT). 
 
*Figures 23 – 30: Micro-CT hardware and resulting images. / Tables 1 – 4: Raw data 
generated within CTAn software 
 
 
 
 
Figure 23. Bruker SkyScan1272 
 
 
 
Figure 24. Animal Research Facility 
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Figure 25. Mesial root on micro-CT crucible 
 
 
 
 
Figure 26. Software station for data analysis 
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Figure 27. Example of a micro-CT image and slice of obturated root from DataViewer software 
 
 
 
 
 
 
      
 
Figure 28. Example of micro-CT image and slice of retreated root from DataViewer software 
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Figure 29. Example of 3D reconstruction of obturated root by CTvol software 
 
 
 
 
Figure 30. Example of 3D reconstruction of retreated root by CTvol software 
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Table 1. Data generated by CTAn software of obturated root (object volume and object surface) 
 
 
 
 
Table 2. Date generated by CTAn software of retreated root (object volume and object surface) 
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Table 3. Raw data for obturated and retreated specimens as object volume and object surface 
from CTAn software 
 
 
 
 
Table 4. Number of canals patent 
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Statistical analysis 
 
SAS software was used for statistical analyses with the significance level set at (p < 0.05). The 
Kruskal Wallis test was performed to evaluate significant differences in mean percentage of 
remaining volume and surface area among the four groups studied. If a significant difference was 
found, the Mann Whitney U test with the Bonferroni adjustment was performed to identify 
which groups significantly differed. 
 
We were also interested in comparing whether there is a significant difference in percentage of 
remaining volume and surface area between BC gutta percha and traditional gutta percha as well 
as possible differences between the XP Shaper and TRUShape files. For these analyses, Mann 
Whitney U tests were performed (p = 0.05).  
 
Lastly, the number of patent teeth were compared between the BC and traditional gutta percha as 
well as the XP Shaper and TRUShape file groups. Pearson’s chi-square was used to determine 
whether there is an association between type of gutta percha or type of file and patency at (p = 
0.05). 
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Chapter IV 
 
Results 
 
Kruskal Wallis comparing all 4 groups 
 
There is evidence that mean percentage of volume remaining (p < 0.0001) and mean percentage 
of surface area remaining (p = 0.0004) differs between the groups. For both the % of volume 
remaining and % of surface area remaining, the BC / XP group was significantly different from 
the other 3 groups. This group was found to have a significantly higher mean percentage of 
volume and surface area remaining than the other groups. 
 
Table 5: Mean percentage of volume and surface area remaining 
 
 BC / XP BC / TS TGP / XP TGP / TS 
% of volume 
remaining (mm3) 
33.98 + 5.28a 10.85 + 2.48b 12.41 + 2.39b 3.39 + 0.85b 
% of surface area 
remaining (mm2) 
61.97 + 7.17a 34.02 + 6.49b 30.83 + 3.96b 16.38 + 3.21b 
BC = bioceramic, TGP = traditional gutta percha, XP = XP Shaper file, TRUShape = TRUShape 
file; Data shown as mean + SEM; n = 10 for each group. Different superscript letters indicate 
statistically significant differences between groups. 
 
 
Table 6: Bonferroni adjusted p-values for the pairwise comparison 
 
Comparison Surface Area p-value Volume p-value 
TGP / TS vs TGP / XP 0.4224 0.3135 
TGP / TS vs BC / TS 0.1737 0.6346 
BC / XP vs BC / TS 0.0056 < 0.0001 
BC / XP vs TGP / XP 0.0017 0.0002 
 
 
Summary of Bonferroni adjustment 
 
1) TGP / TS is not different than TGP / XP (Compares XP to TS within TGP) 
2) TGP / TS is not different than BC / TS (Compares TGP to BC within TS) 
3) BC / XP is significantly different than BC / TS (Compares XP to TS within BC) 
4) BC / XP is significantly different than TGP / XP (Compares BC and TGP within XP) 
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Figure 31: Pairwise comparison of % volume remaining for groups tested with Bonferroni 
adjustment 
 
 
 
 
 
Figure 32: Pairwise comparison of % surface area remaining for groups tested with the 
Bonferroni adjustment 
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Mann Whitney U comparing Bioceramic Gutta Percha to Traditional Gutta Percha 
 
The mean percentage of volume remaining (p = 0.0043) and surface area remaining (p = 0.0043) 
both significantly differed between the bioceramic and traditional gutta percha, independent of 
the type of file used. The mean percentage of volume remaining for all BC gutta percha was 
22.42 + 3.88% compared to 7.90 + 1.61% for traditional gutta percha. Likewise, the mean 
percentage of surface area remaining was also lower for the TGP groups at 23.61 + 3.01% 
compared to 48.00 + 5.69% for the BC groups. 
 
Table 7: Mean percentage of volume and surface area remaining 
 
 BC TGP 
% of volume 
remaining (mm3) 
22.42 + 3.88a 7.90 + 1.61b 
% of surface area 
remaining (mm2) 
48.00 + 5.69a 23.6 + 3.01b 
BC = bioceramic, TGP = traditional gutta percha 
Data shown as mean +/- SEM; n = 10 for each group. Different superscript letters indicate 
statistically significant differences. 
 
 
Mann Whitney U comparing XP Shaper to TRUShape 
 
Significant differences were also found when comparing the XP file to the TS file for both the 
mean percentage of volume remaining (p = 0.0006) and surface area remaining (p = 0.0052), 
independent of the type of gutta percha used. The mean percentage of volume remaining for all 
XP files was 23.20 + 3.75% compared to 7.12 + 1.54% for TS files. The mean percentage of 
surface area remaining was also lower for TS files at 25.20 + 4.08 % compared to 46.40 + 5.35% 
for the XP files. 
 
Table 8: Mean percentage of volume and surface area remaining 
 
 XP TS 
% of volume 
remaining (mm3) 
23.20 + 3.75a 7.12 + 1.54b 
% of surface area 
remaining (mm2) 
46.40 + 5.35a 22.20 + 4.08b 
XP = XP Shaper file, TS = TRUShape file 
Data shown as mean +/- SEM; n = 10 for each group. Different superscript letters indicate 
statistically significant differences. 
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Canal Patency 
 
There was found to be an association between type of gutta percha and patency, c2(1) = 6.46, p = 
0.0110. 65% of the teeth in the TGP group were patent compared to only 25% in the BC group. 
 
Table 9: Percentage of patent canals between gutta percha groups 
 
 TGP BC 
% of patent 
canals 
65%a 25%b 
BC = bioceramic, TGP = traditional gutta percha 
Different superscript letters indicate statistically significant differences. 
 
There was insufficient evidence, c2(1) = 3.64, p = 0.0565 of a significant statistical association 
between type of file used and patency.  
 
Although with a p value equal to 0.0565, the association appears to be strong with 30% of the 
teeth in the XP group patent compared to 60% in the TS group. 
 
Overall, canal patency was able to be achieved in only 55% of the roots, independent of the type 
of file or gutta percha used (Table 2). 
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Discussion 
 
 Clinicians have several goals in mind when completing endodontic retreatments. Several 
of these goals include complete removal of filling material in root canals, regaining canal 
patency and eradication of bacterial contamination that could result in recurrent or persistent 
apical periodontitis (89 - 92). The purpose of this study was to determine the efficacy of two 
NiTi files recently introduced to the market, Brasseler XP Shaper and Dentsply TRUShape, as 
the primary retreatment files when removing single cone obturated mandibular first molar mesial 
root canals with traditional gutta percha and bioceramic sealer compared to bioceramic coated 
gutta percha and bioceramic sealer. 
 The mesial root of mandibular molars was selected as the root of interest due to 
complexity of the root canals it contains. These canals often contain curvatures and anastomoses 
that 2 dimensional radiographs do not detect (93, 94). These features cause the retreatment of 
mandibular first molars to be somewhat challenging, even for the experienced clinicians. The 
mandibular first molar is also often one of the most common teeth referred to endodontic private 
practices and residency programs for retreatments. These factors provided the basis for the use of 
the mesial root of mandibular first molars for this study.  
In our study, each tooth was radiographed in a bucco-lingual orientation with a digital 
sensor to determine the canal patency and the overall curvature of the roots. For consistency 
purposes with relation to instrumentation, obturation, and retreatability difficulty, only mesial 
roots with less than 40 degrees of canal curvature and have complete formation of its root apices 
were selected (87). To maintain consistency between the sample groups, an equal number of 
internal root canal structure was selected. Each group in the study contained six mesial roots with 
two orifices and two separate apical foramina and four mesial roots with two orifices and one 
apical foramen according to Vertucci’s classification system of root canal anatomy (88). While it 
was impossible for all roots to contain the same canal intricacies and length, a mean amount of 
residual filling material left would not be able to be compared. Instead, the percentage change in 
residual volume and surface area, of residual filling materials and the ability to regain patency 
was compared to canals immediately after obturation for statistical analysis. 
 Residual filling analysis is not new to endodontic research, as numerous authors have 
published studies comparing different files and instruments used to remove root canal filling 
material (78, 95 - 99). Historically, these studies were analyzed with 2-dimensional radiographs, 
weights of the residual filling materials, or sectioning of the roots and examined under 
endodontic microscopes (96, 97). The problem with these methods are numerous. First, 2-
dimensional imaging does not accurately depict the full story in a 3-dimensional object (98, 99). 
Secondly, mechanical inspection by weight or sectioning can be problematic due to the risk of 
damage to the sample or loss of material being evaluated (100).  
In the last decade, we have seen an increase in the use of 3-dimensional micro-computed 
tomography as a research vehicle to assess changes in teeth. This method has many advantages 
over the previous 2D evaluation. Micro-CT analysis allows a researcher to accurately determine 
the measurements and changes of root canal anatomy in a non-destructive manner (102, 103). 3D 
micro-CT is now the standard evaluation tool in endodontic research and has proven to be the 
most accurate means to quantify research variables such as volumetric change (85, 86). 
 The techniques used for the retreatment with XP Shaper and TRUShape files in our study 
were not reported in either file manufacturer’s DFU. However, Brasseler USA recently published 
a video showing the use of the XP Shaper file retreating an acrylic maxillary first molar filled 
	 40	
with BC Sealer and bioceramic gutta percha (21). This video, along with discussion with 
Brasseler representatives were the basis of this study using XP Shaper file as a primary 
retreatment instrument.  
While the TRUShape file does not have any documentation or videos from its 
manufacturer similar to Brasseler’s video indicating its use as a retreatment file, there was one 
published study that compared the TRUShape file to a reciprocating NiTi instrument, Reciproc, 
in regard to the removal of single cone filled mandibular canals with BC Sealer (103). The 
protocol used in Siqueira Zuolo’s research provided a guide for the present study but it was 
determined not applicable because the operating speed of the rotary motor was not increased to a 
speed commonly used for NiTi rotary retreatment procedures. At a speed of 300 RPM used in 
Siqueira Zuolo’s study, a warming of the gutta percha to allow instrument penetration into the 
gutta percha would not occur, therefore, we developed our own protocol based on our clinical 
experience with the file and with a pilot study.  
The pilot study consisted of two mandibular anterior central incisors which were both 
instrumented to the same apical diameter and obturated with bioceramic sealer and single cone 
gutta percha. We then completed an initial micro-CT scan followed by the removal of the filling 
material according to our “plan for study protocol” for each respective file. Upon successful 
removal of the filling material, a post filling material micro-CT scan was recorded. This pilot 
study allowed us to test our technique of using the XP Shaper and TRUShape files as primary 
retreatment instruments. 
 The results of the present study indicate that the XP Shaper file is most likely not suitable 
as a primary retreatment instrument when bioceramic sealer is used in combination with a 
bioceramic coated gutta percha because this combination left significantly more filling material 
behind in the canals than any other group tested. The file also left significantly more residual 
material when directly compared to TRUShape, independent of the type of gutta percha used. At 
this time, our study is the only one available testing the XP Shaper’s efficacy as a primary 
retreatment instrument. However, there are two recently published micro-CT studies in the 
Journal of Endodontics that tested the file’s ability to clean and shape initial root canals. One 
study used mandibular central incisors and compared the efficacy of the XP Shaper to that of 
fixed tapered file, Vortex Blue (Dentsply). The results showed that XP Shaper significantly 
increased the canal volume, surface area, and the amount of dentin removed and had 
significantly less non-contacted walls compared with Vortex Blue. This study shows that the file 
does have the ability to adapt to the anatomy of the root canal space better than a standard 
tapered file (17). Another study compared the efficacy of the XP Shaper, TRUShape, and the 
Self-Adjusting File (SAF) in distal canals of freshly extracted vital mandibular molars. The 
author found that there was no statistical difference between the three files in relation to the 
amount of unprepared surface area remaining, except for the apical 4 mm of the root canal. In the 
last 4 mm, the XP Shaper file was significantly better at cleaning and shaping than that of the 
SAF file, but equally as effective as the TRUShape file in the same area (104). While neither of 
these studies directly correlate to our current research of obturation material removal, it does 
demonstrate the superior effectiveness of files that are able to adapt to the radicular canal 
irregularities better than that of a standard taper file.  
Similar to XP Shaper, the available research on the TRUShape file as a retreatment 
device is sparse. Our study shows that the TRUShape file significantly outperformed the XP 
Shaper, independent of the type of gutta percha used. These results differ from the one other 
study that tests TRUShape’s efficacy as a retreatment instrument. In that study, it was found that 
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TRUShape left a similar amount of residual material compared to the reciprocating instrument, 
Reciproc, in extracted mandibular canines. However, when looking closer at their results, it is 
determined that their specific group of TRUShape / BC Sealer used with traditional single cone 
gutta percha shows results in similar percentage of filling material remaining in our study with 
the same file and gutta percha combination group, TS / TGP. Variability in results may be due to 
the teeth used in each respective study and their novel protocol for using TRUShape file. Failure 
to use a higher speed used in their rotary hand piece above 900 RPM, whereas we used 900 RPM 
so it may more effectively warm the gutta percha and make removal more efficient (105). 
 This study also evaluated the ability of bioceramic sealer, specifically, BC Sealer, in 
combination with either bioceramic coated gutta percha compared to traditional gutta percha. 
The groups filled with bioceramic gutta percha left significantly more material in the canals than 
did the groups with traditional gutta percha. To the best of our knowledge there are no 
bioceramic gutta percha studies available that test the bond strength or removal of the material 
from root canals so no comparison can be made to the results in our study. There is a recent 
study available that compares the combination of bioceramic sealer with bioceramic gutta percha 
or with traditional gutta percha in relation to the presence of voids in the interface between gutta 
percha and the sealer. The study concluded that there was no advantage of using both bioceramic 
coated gutta percha with bioceramic sealers since the group obturated with single bioceramic 
coated cones with bioceramic sealer had more voids compared to groups filled with traditional 
gutta percha and bioceramic sealer (67). While this does not specifically speak to the variable 
tested in our group, it does show that the sealability may be compromised compared to the 
manufacturer’s claims of a “monobloc” achieved by the chemical and mechanical bonding to 
both dentin and the bioceramic gutta percha to allow for a 3D bonded obturation with no 
shrinkage (65). 
Regardless of the type of gutta percha or file used in our study, it seems that the use of a 
bioceramic sealer did have an effect on the ability to regain patency. While the type of sealer 
used in our study was not varied between groups, previous studies have shown that retreatment 
of roots sealed with bioceramic sealer may be more difficult to retreat than other resin and zinc 
oxide eugenol sealed canals. In our study only 22 of 40 roots, 55%, were able to successfully 
regain canal patency with significantly more mesial roots regaining patency in the traditional 
non-coated gutta percha, 65%, compared to the bioceramic coated gutta percha, 25%. Hess et al 
reported similar canal patency results in their study comparing bioceramic sealer and single cone 
obturation. In their study, roots filled with bioceramic sealer and gutta percha to their designated 
working length were able to regain canal patency in 80% of the samples whereas samples filled 2 
mm short of their working length only regained patency 30% of the time (33). This difference 
could be due to the possible formation of the hydroxyapatite precipitate when the calcium silicate 
reacts with the environmental moisture. These results are in direct contrast to that of Kim et al. 
They compared the retreatment efficacy of bioceramic sealer compared to that of resin based 
sealers and found no difference in the ability to remove these sealers when used with traditional 
gutta percha. They were also able to achieve canal patency in 100% of their samples (63). A 
possible reason for the study’s discrepancy in results is that Kim use single rooted straight canals 
whereas Hess used mesial buccal roots of the mandibular first molar. 
Similar to other studies completed on the efficacy of different retreatment techniques, this 
study also left residual filling material in the canals (1- 4, 95 - 100). While the goal of endodontic 
retreats is to remove all of the previously placed material, this study along with numerous other 
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studies show that multiple instruments or medicaments may be needed in order to remove a 
larger percentage of filling material.  
Time was not a variable tested in our study. In some retreatment studies testing 
instruments’ efficacy, the amount of time to reach working length or to achieve canal patency 
were recorded and analyzed for statistical significance. In our study, we took as much time 
needed to reach either working length or canal patency. If the advancement of a file was not 
possible and no debris was observed on the file’s flutes, we terminated the test on that respective 
canal and recorded it as “not patent”.  
Observation of the retreated micro-CT images showed that some canals in the mesial 
roots had nearly complete removal of filling material from one canal while the second canal in 
the root had significantly more material remaining. We did not make an effort to analyze the 
amount of material remaining between the mesio-lingual and mesio-buccal canals, although 
further analysis could be completed on the data. While a new file was used for each root, a new 
file was not used for each canal in each root. A possible reason for one canal to have more 
residual filling material than the other could be the dulling of the instruments tip or cutting flutes 
after its initial use in the first canal. Further investigation would be needed to test this hypothesis. 
Solvents to aid in the softening of gutta percha were not used in this protocol in attempt 
to standardize the experimental designs that follow similar protocol in other retreatment studies 
so the results can be compared. Some clinicians believe in the completion of retreatments 
without the use of solvents due to the potential carcinogenic nature of the solvents; 
incompatibility of the solvents with rubber dam materials commonly used for isolation during 
root canal therapy, and the thin layer of softened gutta percha that forms along the canal walls 
makes ultimate removal difficult and tedious (97, 106). Despite the possible downsides of 
solvent properties, many clinicians continue to favor them to remove root canal fillings. Future 
studies should incorporate solvents and files as variables in the retreatment procedure. 
While the specifics of the technique were considered novel for this study, modifications 
could be made such as; specific instrumentation sequence, implementation of a glide path with a 
hand file, removal of the coronal filling material with a Gates Glidden drills, different brands of 
gutta percha, addition of heat. Any of these modifications could be implemented into future 
studies in hopes of perfecting the technique with 3D motion files being utilized as primary 
instruments for root canal filling material removal. 
 In a controlled setting like our testing protocol, we are able to know exactly what type of 
gutta percha and sealer are being used. In a real-world setting, a clinician completing an 
endodontic retreat often does not know the specifics of the type of material used during the 
obturation of the canals unless he or she completed the initial treatment. With that said, further 
testing of the files in this study on different styles of obturation methods and sealers could be 
completed to determine if a specific combination would lend itself better suited as a material to 
be removed by a primary 3D motion NiTi file. 
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Chapter V 
 
Conclusion 
 
All null hypotheses were rejected. Neither novel primary retreat file was able to 
completely remove the filling material from the mesial roots of mandibular molars or regain 
canal patency in every root, independent of the type of gutta percha or file used as a primary 
instrument. The results of this study indicated that the XP Shaper file is not particularly suitable 
as the primary instrument in removal of root canal filling material, especially that of bioceramic 
in nature. However, the TRUShape file was significantly more effective as a primary retreatment 
file, independent of the type of gutta percha used. The results of this study also show that the use 
of a bioceramic sealer in combination with a bioceramic coated gutta percha may make the 
retreatment process more difficult as the group filled with traditional gutta percha was able to 
regain patency significantly more often than the bioceramic coated gutta percha. Independent of 
the type of gutta percha used, bioceramic sealer alone may make it more difficult to achieve 
canal patency with only 45% of the total samples able to regain canal patency. Further tests 
should be conducted with the same groups to determine any significant difference in the amount 
of residual material in this study compared to the amount left when solvents are introduced. 
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